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Seotloa I 

TMs reaoaardi progroa I« oonowread with the investigation of 

coatings for Inoreaslng efflola»Qy of «äö jpariäinß proteotioo to 

silica) solar cells weed fer ooawtliig S'&lar energy into ©lectriaal 

energy for space power system.   Sw,3h jhatovoltaic conversion of 

solar energy üas evolved as tin jrSrÄj-y stalt-of-the-art scursa of 

auxiliary pavrer for anil and LstenMdlate space veMcles.   Tns ad- 

vantages of solar ansrgy for suob pjarpeacs are veil known and vill 

not be discussed «tore. 

In the United States, 1 by 2 ca p-os-n silicon cells are 

currently being uccd for alaast all space pawer systems.   Spectrally 

selective coatings ore applied to the cell surfaces to reduce the 

operating temperature, increase efficiency, and to provide tcotec- 

tion against »schanlcal dncage, surface cont&alnation, alcro- 

aeteorito erosion and beta radiation. 

These cell coatings say bs applied either directly to the ceil 

surface or to thin glass slips which are, in tarn, bonded to the 

cells.   This latter class trrovides maximum jrotection against the 

various environmental hazardT and are, therefore, being used almost 

exclusively in current space programs.   The type and thickness of 

glass depends upon the mission, and may vary from 3 mil microsheet 

to TO mil radiation resistant formulations.   The two varieties of 

cell coatings are schematically illustrated in Figures 1 and 2 below. 

In Figure 3 is shown a photograph of a typical coated cell array. 

Although these protective properties are of extreme importance, 

the primary parpose of the coatings is to increase conversion 

efficiency bj reduction of operating temperature.    The temperature 

degradation of silicon cells is well known.   Materials having higher 

energy gaps than silicon ihight be expected to have better thermal 

characteristics, but experimental evidence indicates that for current 
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cells the differeRee is s^all beoause the ntse of «iacrity oayrier 

generation gwe up faster t^a« is jrcdl-nel frs« enersr ^p MBSld- 

eratlons alone.   Tne jrcblera of ttersal degradation of photovoltaic 

solar generators is oomnn to all ssaisondusta^s, mi «ay, in faat, 

be not apjreciably v^ss far siliaen tium for pr^duottoa cells of 

gaUlun arsenide and other Materials whlsh had bten htid out as 

p>oal8ifig sißjstitutes,   fha topartar.at of teapsraiura r«ductlai 

techniques isf tJierefort, laportant bo all ptobovoltalo systasss, but 

this investigation is United to slllcor.. 

The prograa is divided into three tasks: 

(a) Theraodyaaaic considerations of cell aoatlngs 

(b) Evaluatiorj of state-of-the-art eaatings, luid 

(c) Adaptation of the Spectrolab vlndov type coatings to 

silicon solar cells. 

Task (a) involves a brief thenail study o" the effect of cell 

coatings on a typical oriented solar panel.   The efficiency gains 

are deteralned relative to a sindlar ur.coated panel.   The analysis 

is intended to demonstrate the general usefulness of the technique. 

To obtain numerical results it is necessary to assute a specific array 

configuration.   For this purpose a typical oriented panel configur- 

ation was chosen and all extraneous sources of heat vere neglected. 

The results, therefore, are, in general conservative; for example, for 

a non-oriented system the effects of the coatings are significantly 

greater than for the array chosen here. 

Task (b) includes the study of spectral characteristics and 

physical and environmental properties of state-of-the-art coatings 

suitable for application to silicon solar cells.   A survey of all 

coating firms has been made and coatings have been obtained from two 

sources other than Spectrolab.   Only one of these other coatings was 

found to be satisfactory.   Among the characteristics which are being 

Investigated are the spectral transmlttance, reflectance, and 

emlsslvity.   These parameters are being measured for both coated and 

uncoated cells.   Three types of Spectrolab coatings and one from 
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Optical Coating labaratsHes, Ino«« were fäund to lave gpscferal 

ctMu*acterl@tlas suitable ft» the dmrt ^veleogt!; type ©f cell 

This ^rles of ftear csatlngs was then furtfier studlel 1« a» 

envlyonsental test sequence approsls^atlag t»i^e tsurreRtly la «ee 

In various space yerograuKS.   Tfiese spseifls tests Inelttde hussddlty, 

hl^h tenpemture storage, low teapsfature storaga, tessperature 

sJicck, and vacuum stisarage.   In addltlw}, ultraviolet and beta 

Irradiation tests are balng perfersaed. 

Task (c) Involves too adaptation of the Spetrolab wlndaw type 

coating to silicon solar cells.   For this p^rpffsc It is necessary 

to »ove the I-R reflection band further into the Infrared and to 

provide high transniosion efficiency between approxleately .5 and 1 

microi, as coapared with t'm .'« to .7 islcrsn transaission band of 

the original coating.   Moreover, it is desirable that absorbaace in 

the I-R region beyond 3 alcrons be Introduced so as to increase the 

emissivity for directly deposited coatings. 

i 

I 

I 

i 
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Seation 2 

ASSTRAtH* 

Tä» use of epeeferally selective ceatlngP as filters for siUcoo 

solar cells is under investigation. Tne p-ogra« is oriented prlaarlly 

toward auxiliary paver system for apace vehicles, but the reoults 

say, to a certain extent, lave otter apisliCÄtions. A general study of 

the thaml balance of a solar panel in space and the resultant effact 

on array efficiency is exmlned and a specific exaaple is studied. 

This exaaple is a« Isolated, oriented array with an active area 

utilisation of 85 percent. T«e output of this panel is computed for 

solar intensities corresponding to Mars, the Earth, and Venus for 

current coating types and for the "windo«" type coating currently 

under study, and tJ» results are coapared to a bare panel. 

The physical fropcrtics and envlronaental characteristics of 

state-of-the-art coatings are also being studied. Measurements of 

the spectral transaittonce, reflectance and eaittance for coated cells 

ape being obtained.  Envlronaental tests include humidity, high and 

lou temperature storage, temperature shock, vacuum storage and ultra- 

violet and beta Irradiation. 

Adaptation of the Spectrolab infrared "window coatrng" to silicon 

solar cells is being studied. Three separate problems are under in- 

vestigation. These include: 

1. Modification of the configuration to extend the long 

wavelength cutoff from 700 to lOOOmjx, 

2. Improvement of the environmental stability, and 

3. Increase in the long wavelength emisslvlty. 

In connection with the first phase of this task, an experimental 

curve is presented. In connection with the second and third phases, 

the rare earth oxides, fluorides and oxyfluorides are under study. 
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Section 3 

RIBUCASIOJIS, I^I^RBS, RSFO^TS ARD U3X?SHS?CBS 

I 

üi© folloving publicationsii lectures, reports asd conferences have 

resulted directly froa research and dffffttlopmit by Sjpectrolab under 

Contract Ho. M 36-039 8C-^S8ä during the jerSad 25 Janyary through 

30   June   1^0: 
Publication and lecture 

"Spectrally Selective Optical Ceatinge", by A.S. Jtena, resented 

to the Fourteenth Annual Paver Sowrces Confcrense in Atlantic City, 

Mew Jersey, on 17 May l^eO and subsequently published in "Proceedings'* 

by the PSC Publications Co»»ittee. 

Reports 

ütonthly Letter of Progress Reports 1 through 6 have been 

sübaitted as follows: Wo. 1, January; Mo. 2, February; Mo. 3» March; 

Mo. U, April; Mo. 3»  May; and Mo. 6, June.  All vere prepared under the 

title, "Investigation of Optical Coatings fen* Solar Cells". 

Conferences 

Representatives of the Power Sources Division of the U. S. Arsiy 

Signal Research and Developcrent laboratory, Fort Monaoath, Mew Jersey, 

and of Spectrolab, Incorparated, have act as follows: 

In attendance on 

23 January i960 at the 

Hexagon, Fort Monmouth 

16 May i960 in 

Atlantic City 

In attendance on 

15 June i960 at 

Spectrolab in 

North Hollywood 

George Hunrath 

Stuart Shapiro 

Emil Kittl 

Willlain Shorr 

Alfred £. Mann 

Stuart Shapiro 

Alfred E. Mann 

Ronald Bell 

Stanley DeCovnick 
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FABBML OH! 

TASK (M:   I^erwal ABalysie of Speetrally Selective Ceil Qot&lmß 

In order to tetaraü» the ^ptlm» eliamcterlsMce of eFestsrall^ 

seleotlve osatlngs for slUecn solar «eile, It Is Rfeee&tiry ts obtain 

y« geswml expression for tue effleleney of a aaatsd sail relative 

to on uncoated one.   Since y$i@ necessarily involves the tfterml de- 

gradation of the cell array, fete equlltbriwa t^aperature saust be 

cmputed.   The thermal balance for a cell In typical application is 

developed belov. 

The heat input to a solar ari*ay in spce is the su^atlon of 

absorbad direct solar energy, albedo and thersal energy frc» planets 

and nearly auxiliary (vehicle) surfaces, Internal {over losses, and 

conduction fros other portions of the vehicle.   The energy output is 

the suossatlon of tiiereal radiation to space and nearby surfaces, con- 

duction to other portions of the vehicle, and the converted electrical 

energy.   The equlllbriusi teaperaturc Is that at vhlsh the sua of 

energy input and output is equal to zero, i.e., Q- + o   > 0. 
Katheaiatlcally, 

-_ (Equation l) 
a (X, r, E-n) (E(\) • ^) dA d\ Direct Solar Radiation 

 ^   A AA     A n'.(r^r^.(f^) 
a (X,$,(?'-?).fi) R'^FSB-n'Xn1'^)) r-, ^ . M, ^        dA'dA'dX 

IrS. A "^f^anet Albedo 
00 a i\,l*,{f$).ü) R"(X^',S.n")(öM.fi(x)) ^" (r"-r)n (r"-r)   ^„^ 

Solar Reflectance from Vehicle 

r  r ,00 --v  A /aX"5 \  ^'.(r^)ft.(?^) 
A'ij   a ^'^'^ (^O LbAa?«^     it'-rhV'*) 

Earth Thermal Radiation 

JAJAJO 

tu 
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fr.(f$)fa(fi) .rjr.M.^VM-.j^^g M'dMX 

% 

Vehlele TViaraal Illation 

InfeesmUy Oej^rated Heat 

4 e (IT-T) Heat Canduetloa 

-1 |     a (X^) l-TTra ]   «WäX Selar Array 1?»rml Radiation 

a» f 
*jj       H (X,T,f.ft) (A4) «IA dX Solar Coaverted Snerfy 

. 0 

Vhere:     The unprined quantities are solar panel eleeents 
The prised quantities are planet elements 
The double prloed quantities are vehicle elenents 

A ■   area of conponenc 
T*   ,     ■   position vector 
n ■   unit vector normal to surface at endpoint of the 

appropriate position vector 
C ■ coefficient of thermal conductivity 
Tl B electrical conversion efficiency 
a B spectral absorptivity 
T = temperature, •JC 
R = reflection coefficient 
a, b     = coefficients, Planck's black body radiation equation 

E - solar irradiance 
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For pwrpoaes of Vais tyyLoal öÄalysis, t^e veh4«le fositloa 

win ba coaaidered to bo s«ah tarnt tltere is aegllsible lÄOlöent 

albedo or thesral easissica troa ipiaaets aad that the vehicle coafls- 

«ratloa ie «uoh that ttose is sufficieat isolaUon between the soSar 
array aad vehicle to iweveat reflectaase, thonal ©sissSoa aad eca- 

ductaace to or fros the vsMclo itself.   With these sla^ifi^tioas, 

aad negleatlas power losses oa the jaael, tiw hsat iajut reduees to 

dlxeet solar radiatioa alone.   If it is also assiKsed tbot the |aael 

teaperaeure is uatfora, ther. the thermal radiation fiN» the 
paael caa be exp-essed ia teras of the sore escEsaa Stefaa^toltssaaa 

lav and the thermal balance cquatioa tJjen simplifies to: 

a (a)(ä.Ä) dÄdA - 

ij (^   .,-5 oX 

?7^j 

dAdX 

dAdX 

(2) 

(T)(E n) dMA * 0 

X A 

The integral in the radiative expression of Equaticr. 2 is iüse 

effective theroal eaissivity* i.e. 

.-5 

■/i 
(3) 

^A ebAT.l 
The above assumptions would correspond for exaapde, to a typical 

well-designed space probe with an isolated array at a considerable 

distance from the Earth.   In order to obtain some numerical results, 

such a vehicle will be studied where:    the solar panels are flat and 

perfectly oriented; the active area covers 85^ of the front surface, 

the remaining 15 percent having an emissivity of .2 and a solar 

absorptivity of .3; the rear surface emissivity is .85; and the 
-x- 

nominal cell conversion efficiency is 10 percent .   An analysis of such 

a system, using Equation 2 with data which will be described below, 

reveals that the array would reach an equilibrium temperature of  86 0C 

when irradiated by a zero-alr-mass insolance of 1^0 nw/cm. 

Measured at 250C and air-mass-zero Illumination.   Such a cell corre-- 
spends to a commercial 12^ cell (measured under air-mass-one illumination). 

-8 - 
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giisw» la Figure §* Sä«S t^iö speöiwrsl »össrptlviiE^ («Mssivltiy) far a 

typical uneeat&ä ©Utes« sell, as eSsewn 1« Figure §.   For p^rjoees cf 

eoÄpt&tiea, täe e»iösivUy ««* wel^st«^ toy tits späötral iistriteutioa 

of a $0*C biacii 5»ö4y as sltsw. la Fl^sre 6. 
DSSIIS t^e «^fiÄitlöÄ for eff^tiv© ^Jverm.! csslssivlty giwo la 

E^iatiö« 3 and tbo geö*te:.fy «^ eurftco etaxatttarlotlos iesörlbeä 
earlier, the Wierss-l Ssslasae (B^watl©» 2) reäaaes fer aa orJaated jeael 

to: 

(&) 

c T4 (Ae ^ MI - äC) e? - rr) 

vhere the subscripts a, p, aaä r, refer to tlse active cell, iaactive 

l&nel, äÄ^i «<«• pAiiisl, rcsyectireiy; SäJ A   is tbo frasticnal active 

coll area.   For the z&dcl f&acl: 

c     s 5.6? x 10      wattö/CÄ /<iög 

Ac   B.85 

äp   - .3 

fr   - .8? 

Using the data of Figures •», 5, and 6, and jcritesing the Indicated 

product Integrals, for a bare cell:   a*» .92;   ?   » .31.   Substituting 

this data. Equation h cay be written: 

.1^0 (.85 x .92 -r .15 x .3 - ßi^)) ■ 

5.67 x 10"12 T1* (.35 x .31 + .15 x .2 + .85) 

(5) 

The cell efficiency ß must be adjusted in accordance with the 

thermal degradation of a typical solar cell (assumed to be operating at 

maximum power point of the E-I characteristic) as shown in Figure 7«   A 

solution of this implicit equation results in a panel temperature of 

860C and a cell efficiency of 6.7 percent (relative to AMO - 10 percent 

at250C)T 
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It is next desired to deteralne t&e effteefe 3f appllcftttoo of 

sfeetml coatings to Use cell eurfttees.   Ear evaluattng fclie gatns 
resulting frm varying tte cSias-acteristlcs of a given elaee of esatlngs, 

it ie tftea posolble to defeeralne the optisa»« speolflcationo for eaöi 

coating class. 
Obviously, the ideal filter would 3mve tJte lilsheet possible 

transasission in the energif cesjversl«? spectral region, the highest 

passible reflection in that partien of the solar spactnös where ecaver- 

4?lon afnoienoy is ne#lsiblef and the hissest passible eslsslvity in 

Use thersal region, beyond 3 to 5l».   Iransltlona between reflected and 

transmitted regions should be quite sharp, bat the transition to 

absorptivity in the 3 to 5|» region is not critical.   Optinisatloa far 

each given class of filter tinen reduces to cerely detcrelnlng the 

jroper cutoff wavelength at which the transmission Is 50 percent,   ^»e 

analysis was perforaed by coaputlng the ^ln effected by varying the 

cutoff wavelengths and then Bsrely noting the yeak of the resulting 

gain curve. 
In coaputlng performnce It is necessary to take into consideration 

the transsdssion loss of thefliter, as well as the efficiency ©lin 

resulting froa the decreased tcaperature effected by its presence.   The 

effective transaisslon factor io given by: 

i(K) E(\) t 
i{\) s{\) d 

(X) dX (6) 
/•oo S(X) E(X) dX 

where S is the cell sensitivity, E is the solar irradlance, t is the 

filter spectral transnittance, and t is the effective transmlttance of 

convertible air-nass-zero insolance, i.e., the relative performance of 

a coated to an unccated cell at a given temperature. 

The output of the coated panel to the uncoated panel, neglecting 

second order effects of illumination level on cell efficiency, is 

simply: 

^ = l$T • t (7) 

where FC!) is the functional value of ß(T) as given in Figure ?. The 

absolute output per cm of panel area in ihCma/cm   insolance is: 

- 10 - 



(8) 
o 

BxA xß x F(T) x f  - .1^0 x .81 x -10 x ?(T)x t, » .0119 F(T) t8 watt/c» 
en 8 

wäMsre jl   ie tJ» owslnal ©öU efficlewcy at 25#C a«d gero-alr-<aa38-gur. 
(oorrespaods to 83J» of eö^aa^alal speclfleafelen or atr-sase-sos, 

fS»«« different coating type© were examined la this study: 
tba Spectrolab ultraviolet rejection filler toewn as Solakota "A" (typical 
spectral tmtumleelon säiovn In Pleure 8)? the blue-violet reflectias filtere 
offered cosmrclally by Spectrolab mi QSUL (typical curves ehawn in Figures 
f and 10 respectively)? and an idealised eiaracterlstlc for the vlndsv type 
coating as shovn in Figures 11 and 12.   The substrate is ass-xaH to be Comlas 
Tii« Oßn aicrosJjeet glass.   The ealsslviUes are, tiierefore, essentially the 
aase for all the coatings.   A typical coated cell eaisslvity is shwm in 

Figure 13« 
The short cutoff of Solakote "A" does not aaterially affect the solar 

absorptivity and reduces the effective filter transcäisslon as defined In 

Equation (5) by less than 2$. 

For the blue-violet reflecting filter the effective efficiency gain 

was cooputed assualng the spectral characteristics shovn in Figure lU, vlth 

the cutoff varying froa 3S0 to 550 741. Similarly, for the window coating, 

the characteristics shovn in Figures 11 and 12 were used and the short wave- 

length cutoff was varied over a similar range. The problem arises as to what 

is the optlraum long wavelength cutoff of the window coating for a given short 

wavelength cuton. Tnls can be determined by consideration of the effects of 

progressive Increments of wavelength on cell performance. The energy In a 

given wavelength Increment produces two effects: It provides an Increment 

of converted energy, and It Incrementally heats the cell. Tne proper match 

of the long wave cutoff to the short wave cuton Is that for which the ratios 

of converted energy to heating are equal, I.e., If ^ and \, are the short 

and long wavelength transitions, respectively, then: 

Bfrg) s^) Ax = E(X2) 3(^) AN (9) 
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v*¥^ie;?f^ «eil swiftitlTi^, :.©.. S(?«l - S^).   ^« ty^sfik fts'U 

sansl^lrlty Ä'jcrft ,f F :*?%.-« '4 ^s ««««d fs^r drternSimslon st l&t 

Sr^ §?l.%r «il'ft?;*:^tr;ty fcr '-■•-* sot^si «eil w** dsil^icd ir. eaoh 
3ft^ fräs wtÄÄstwJaa ^•^. nsgUa^Ing e^ic?t«&da :« äw ultraviolet. 

A'jt'iäl »fi«ct.iv:^ aBM^-irtaseR'tc L-% tN «UnsTJclet vUl bfe sf-^tatd 

shortly twi th« »;9?5x^aa^::na vIV» ^ asrrw^d a*- tts". '43«.   TtsiS* 

v.t efPeatlT« ftcltr ^«rr/ '-r^s.^**4 -% ky ■,-^ fT.-^r is a^fö"?^ ty 

WS  '       i" *      * 

4 v 

Sliws the «.::'■.%■ bfire -^»l ü^s^ral ^f^Tj"iri*:y t? f^s^ntiaily 

cssdtaj'.t at ie pRir«Är.t srer tte »jiar ecsrgy i-sflsr,. fdr & rsfiS'atl?« 

ty^ ooaticg, MrÄlus r*fls.itnr.M ,r r^.*;-*:r*e#5civ..sd öneriy, the 

effective abBÄ'piivlty f-r th» a^tlw sell flc*ft% can is a^jrsxieatti by: 

vhere 'Z.t robscrlv-.p ? ft.r.i 1 r^fer •■- -j^c-atsi *cÄ c<»t*d as 11s 

reste^tlvsly. 
«he tS crcdua'. rxrvts ar^ B.v.r-m ir. Plgurs» 16 and IT fcr the 

typlsal blus-rlcle*. r.:".tit,.r.g fr.t*r .'vl*:-. r.'iff &'  '«^0 as ir. rig^re 
U), ard the vln^r.- :.»-!r.g (as fhr-r. Is yif^s 11 and 12).   Th« results 

cf these Li'-egraMota ard the cmyita-.lcrjB cf 5, are: 

Coaf-.ir.g TyT-s ~a S^ 

A — '."92 
B .'^ .72 
(J .59 .5'* 

Substituting these resulta Into Equation 5> the equilltrium temper- 

ature is shovr. In Figure 18 as a function .f rear sxirface emlsslvlty fcr the 

three coating typss and a bare tianel.   In ?iffu.Tfe 19, the rear sv«rfac8 emis- 

sivit.y has teen set at .85 and the illumination lerol Is varied. 
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Tm autptt of tlw resultas»^ eeateil pwieX relative to a« unaaated 

IB4»l for Uie abave mOsl Is alitalfted frOT Bqw-atlo« 7 using «*e »bsvc 

ctote.   1?« results ore platted 1« Flp^e 20 far t&e Uiree eaatlni types 
uftder lUmlmtlc« levels eerrespsj^bii to erblts «ear Veijua, the Bartfe 

and »tors.   As wmM be expgcled, the hl#er selectivity Is desired 

for Uve higher inwrnlmtl^ levels.   11?us, »ear Venus, tM vlndew terpe 

ooatlitg sssre ytan ä«?«bles tUte pwsel mlywt &? ü& bare cell.   Issi* 

Barth« tlse vlj?döw tyye ooating is als« very effective !n p^vldlnf a 
ga.l!i of appmlwately &0$.   At ü» Isw UlualJiafeSöa lewl «ear Jfers, 

ttje Increased selectivity **f u^ vlnlw e^t!;^ t? or 4«ugt*öÄable 

value, and for econsetJlc J*öI©9S«S ««aid m% be reassKiesided. 
The optlmtö cutoff vanlengtha fcr the various coating types for 

each llluiftlnatlon level are tlnose for Miüch the relative output curves 

peak.   Actually, fete coating specifications are depemtient upon the 

solar panel characteristics and the orbital conditions.   Era results 

plotted in Figure 20 and tine conclusions which follow ore fas- the »adel 

panel described on Bbge S.   Und«« illiednation conditions near Mars, 

the use of any caatlng «ust be Justified by other considerations than 

increased efficiency, i.e., Kecharslcal erosion or damge trots aicro- 

ceteorites or beta radiation, etc.   Bear Earth the effects of the 

coatings are significant and near Venus the coatings should be as 

selective as possible. 
For the blue-violet reflecting filter on an Earth satellite, the 

optiaum cuton wavelength would be between 'i00 and ^(bji.   fne output is, 

however, not appreciably greater than for Solakote "A" with a J>00 mj* cuton. 

Kear Venus, the optlnnm cuton wavelength for the blue-violet reflection 

filter would be approxlaately ^50 ran.   The output would be almost twice 

that for an uncoated panel. 
For the model panel in an earth orbit, the equilibrium temperature 

with a window coating with a 350/1130 bandpass would be approximately 

250C.   As the bandpass is narrowed and the reflection increased, the 

temperature declines to -110C. for a 5OO/98O bandpass.   Referring to 

Figure 7, it is seen that the slope of the efficiency versus temperature 

curve begins to decline appreciably below 0*0. so that no significant 

advantage arises from the greater selectivity of the narrower bandpass. 

I 
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Mr Veaas tte opttow. tead^s for tte ^io« ca*tli>s ««^ ** 
50* mmte at &50 mü im m-   ^ tha ndA J«»^» «» «**»* >««ld 

bo apiroximW 2.S5 «^ ^ of t^ «.^t^ pwl (3$ M^r ton ^ 

tli© SolalJOto "A" panel). 
T?« ossusod eJaracterlstici» for tha »5^1 SM»! vouM sümertlly 

reeult 1« lover t^^mturee than ^ other «mflpcrtitl^ a«ä cm- 

vlr^ats.   For e^^e, mcldeaee of planet alb^o anä B valid 

raise an te^i-ature«.   »a efföet of hltf« te^raturea ^uld be 

to increase töe efficiency gains arising frm the eaatinss.   Tta 

greatest differences ^ould be eeen In *U curves for a Ww-s orbit and 

for "Solakote D" in on Barth orbit.   Tto wlndev ceatlng would acfelete 

greater relative gains and the output ctoractcristlc as shewn In 
Figure 20 would be »odlfied to introduce peai^s wan lite ttootm for the 

Venus mualnatlon level. 
Surrarlsing the above data and conclusions, for solar cells with the 

response and thermal clmracterlstics of Pl©ires 15 and 7, an apprppriate 

«avelength cuton specification for both the blue-violet reflecting 

and the window coating would appear to be approximately ^50 en, for 

illtmination levels corresponding to the Barth through Venus.   Hear 
Earth, all three coating classifications rrartde significant power gains, 

but the ultlaate choice wUl depend upon a careful ttaraal analysis for 

each vehicle configuration.   The window coating will be considerably 

more important for some panel configurations than tor the model iovesti- 

gated here. 
For higher Illumination levels, the greater selectivity of the 

window coatings is of great Importance. For levels corresponding to 

Venus (aöWcm2), the long wavelength cutoff should be about 1050m»u 

For systems using optical concentration, a window coating with 

still greater selectivity may be necessary. However since this 

program does not include consideration of such devices, no analysis 

has been Included in this report. 
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^S-^J -^tS«^ ^ «^ «eU« t. .^t^t ^lr *93^Uoa U tell 

-;tS irosn« ^? fch«*^, pm**** ^Z** t*]1^ ^-^S 

i.   S^atrdlÄb typ AJ^ P1fir8 2' 

3.   8|»cto*Wb Typ» B a/O/JiTO ^ 

h,   03IZ flrpe 207 ©W ^«ö 

5,   nah-Sebunaui ISrpe 3U9 
^52 evaluation oorwlata of the f^Uovir^ ^sec: 
(a) »toaauMMBt of Spectsel CtarastorlatlM 

(b) BfaioaUon of Suitnblllty for AraOloatlon to SUlc« Solar '^l* 

(c) SöstiJts of ERrLr^resefttal SUbllity 

i«ÄS3 (a)-   MBaaorasBSiit of Spsctral Ciaractertstlcs 
8a.iaae of tt» rtow fUlws «are larfnatad to a .OtO" gU.« ?late 

of lRdÖS 1.52 tutd the touu-lttaace curves osas^d over tha «glen 
3 to 1 nitron ca a Etokln-Bl-er Speetracord ^r.^hrs^tcr.   Toe reifte 

La jweeated ea Figureo 21 through 25-   -n Flff« 26, Is the r*l^d 
typical curve of the Pidi-Schur««. rater.   7r.e traasmisslcns ha^e been 

reis-d by 1-1/4 to account f^ the second surfec. renectanee cf the 
wanting plate.   Tne corves arc, therefore, representatlT. of the fUter, 

as applied to the solnr cell. 
The Flsh-Schur^: filter has an effective toansalsslon less of 

^e than IC*.   Although this configuration dees hav. a narrow reflection 

i« the near I-R, the ^in resulting fron, the thernal effects would not 
balance the filter tranSmission loss.   Moreover, this eax^e is chara^eri.ed 

by a significant ultraviolet-violet s^ctral "leaK" which wc^d no. protect 

against ÜV degradation of bonding resins.   Per these reasons, no further 

investigation was made of the Fish-Sohurmn Type 3119 filter. 
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fUe remlnim four cmttngs are uMer coatinuUig UweeM^tloo. 

Äj^y ©tl^er csaUn^ vjüch teoc«« available vlU alee be evaluate* a« 

UM jer«lt8.   TiK OCU Tm 207-«» *8 «pe«*»!^ e^tttvaleot to 
S^trölab B/fe/C.   r«e Spjctrolab B/l/S eoaOag JäB eaaevbat Hlgber 

latravlolet reflectance, and Itence le all^tly mf* efficient as a 

spectrally selective caatlns, but Is Mowta* sensitive to hualdity. 

Ch« the otto- Jiand, It is not as gensltlve to cold tessperature 

estreses and holds up weU at teajeratures of below .130#C. 

f^ie infrared reflectances of three typical cells coated with 

varleus glass type coatings are shorn in Figures 27, 28 and 29-   ^Ss 
data vas obtained on a IterHln-Etoer «adel 13 Spactro^otosseter »nth 

specular reflectance attachment.   Since there Is very little 
scattering froo the surfaces, the specular reflectance adequately de- 

scribes the structure of the filter Infrared characteristics. 
The ultraviolet reflectances of the various filters are currently 

under mvestlgatton and data win be presented m the nest report. 

PHASE (b)   Evaluation of Suitability for Application to 
Silicon Solar Cells 

The five coatings mvestigated to date are all of the gloss type. 

So^c directly deposited coatings will be ewwdned later.   The three 
Spectrolab coatings vere deposited on 3 «U Corning «icrosheet glass, 

Type 0-211.   The OCU coating vas deposited on 6 mil Coming 0-211 
nlcrosheet.   The Fish-Schurraus coating vas deposited on on unfcnovn 

.OhO"  thick glass. 
Except for use in high radiation fields, it is generally desirable 

to keep the glass as thin as possible.  For this reason, many contractors 

specify 3 mil slips, although 6 mil slips are also vldely used. In 

applications vhere radiation damage Is a«tlciiBted, special radiation 

resistant glasses of the order of .060" to .070" may be required. 

The substrate supplied by Flsh-Schurman is considered unsuitable, 

but no attempt vas made to obtain thin slips from them, since the 

spectral characteristics of the coating supplied did not meet the gen- 

eral requirements for the application. 
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RIÄ^ (c)   ^efelfls of fcnwBwnW. Stability 
B. fcmr eoatliis ^6 (1 thro«* * ^o«) vMch m W«^ 

8p8c^ cb«ct«rU«o. «« IBC^ 1« - envl^ata1^^8' 

^p tha boadl-g r^ln.. *** «- ^ac^il- «• ^^ 

!L ceuT«. bet«, i^* I« ^ ovau.^.   *. foiled ^P 

of rosi«» «as elected for tte flr8t toot series: 

a. Spsctralftb T/f& B-fcO 
b. SpectMlftb Type B-€0 
c. Spectrolab Type B-^. 

d. Spectrolab T/pe B-^5 

e. Biggs Type R 823 

f. Biggs Typs B 313 
g. Do« Coming tßß Q S-O^'O 

h.   Purane trpe 15B 
i.   Purane Ttype 212 

A.   Marblette Type ^55 
SpcctroUb Type BJ.0 »a» not eluded in th. tocstigatlon.     Th-s 

„.in 1. a n« formation »hlch »nfortunatel,. did -ot progre« to a 

jotot «here It could be Included In the original series. 
toiron^nta! tests were perform on three different test sample 

eonfignrntions.   For ultraviol.t Irradiation, three slips sre »anted on 
2'^.0U0" glass hanking plates.   For beta toadiation, the coatings 

sre applied direct^ to Ooming W 79^0 «***, half of «^•» 
MMUl to a second ^U plate (the other ^If sre not)     The third 

test sa^le configuration, used for all other tests, consists of 
^enty cells assembled into four 5-cell shingles which are minted on 
aiul« Plates.   All nominations of the nine resins and f^r coatings 

„e included in tbe tests, making 36 configurations in all. 
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T«e following e«^re«wö»tAl tests whlah «re Mom to b» perttocofe 
and of eonaem for ooaUfli» tow been Included in thin prosraa.   ^ets 
BiMdt as vibration vfciel« «re «oi of coneern for coatings i»w not been 
melttäed.   T%»e tests lave bee« desig»ed to ecnfor» with tte göfleml 
level yeqnlred for aest gafeelltte ^Issioös.   In son eases, the severest 
of sweh test ecnäiticns lave been used.   Following is r. suHsaury of the 

various enviroasaentÄl essposures: 

1. toddJjg 
B» sawples are plaeed in a theroestaticsUy csntroUed Beaco hualdlty 

chaster opemting at a constant level of gnater than 9^ relative 
hwsidlty at 15* C.   B» gsusples arc removed after 50 hours and dried, 

cleaned, inspected onsi güötographed. 
2. Hyfe Ttoigrtttare Storage 
^e saaples are placed in a Thelco ire-heated thersostatinally con- 

trolled oven set at i09C.   The temperature of a Epical plate reaches 
7ä»C m less than 1 «mute.   Saaples retain in the oven for 12 hours 
and are then reaoved, clenned, Inspected and photographed. 

3. tor Teaperature Storage 
The saaples are placed in a ppc-cooled theroostatlcalljf con- 

trolled envlronacntal chadbcr, «hose teaperature is lowered to -75*0 In 

5 ainutes. A typical soaple plate reaches -73*0 approximtely one 

ainutc after the chadber. Tne saaples are aalntained at this teaperature 

for 12 hours, after which tiae they are reaoved, cleaned, Inspected and 

photographed. 

k,   Teaperature Shock 

The saaples are placed in a specially constructed cold chaaber 

and the chamber is reduced to -75#C in less than 2 minutes. This 

tempemture is mintained for 15 minutes. The chamber temperature is 

then raised to +25*0 in 2 minutes, maintained at 25,C for 15 minutes 

and lowered to -750C in 2 minutes.  Ten complete cycles are performed. 

On completion of the final cycle, the samples are returned to room tem- 

perature, removed, cleaned, inspected and photographed. 

5. Vacuum Storage 

The samples are placed In a vacuum chamber which is evacuated in 

10 minutes to a pressure of 10"5 mm of mercury. The sample is stored in 

18 
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I thle vMUua at torn teapemture for 6 boure, and is tteen re«>ved, cleanod, 

inspeotcd and |*iotosmjfegi.   Ttee test ie tten repeated with the eaople 

maintained at a tessperature of $>*C. 
6.   Ultraviolet Irradiation 
Toe epeoial awiples pre^wd for the ultraviolet irradiation testa 

are exposed for a period of 6 hours to a souree having an ultmvlolet 
irradiation equivalent to 1500 tines the alr-snss-sero sun.   a a period 
of 6 hours It is thus passible to slaulate the Integrated effect of the 

sun for a one-year orbit with 10!* illualnation.   For non-oriented 
satellites and those which pass into the Berth's shadow, this would be 

equivalent to as such as k to 6 years of irradiation. 
The early tests are being perfonsed In an air ataosjhere.   The effect 

of an air environscnt for such tests Is to accelerate damgs.   However, 
since the resins are covered except for a thin glue line at the boundaries, 
tae tests In air should be equivalent to those m vacuua.   The Olualnatcd 
area extends across part of the cell edges.   If any daiaage is noted at 
these points, additional testing In vacuua will be perforeed. 

The test source consists of a GE Mercury AH 6 laop In a water 
cooled quarts Jacket focused by aeans of a two-lens quartz aspberlc 
coabinatlon so as to llUnlnate an area approximately 25 x 1.5 «.   A 
schecatlc dlagraa and a photograph of this apparatus are shown In 

Figures 30 and 31* 
7. Beta Irradiation 
The special samples prepared for beta tests will be Irradiated with 

a current density of 1.6 pa/cm2 at an energy level of 750 kev.   At this 
irradlance, in one second, 1013 electrons/cm2 would be incident. 
Integrated test durations will be 10 and 100 seconds, corresponding to 
10lU and 1015 electrons/cm2, respectively.   The spectral transmission of 
the samples will be measured before and immediately after irradiation. 

8, Future Tests to be Included 
a. Very high vacuum, to pressures less than 10   . 
b. Vacuum testing of resin samples (without coatings). 
e.   Temperature cycling -120oC to +80*0 to -^O'C etc. for a 

minimum of 30 cycles with transitions occurring In less than 
5 minutes and constant temperatures maintained for at least 
30 minutes. 

d.   Ultraviolet irradiation in vacuum. 
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9#   Test CgflJ^^aig^ '^ ^^ 
^ resultg for m nve-tesi mrUn ^m^^ to d»^ «f« ifi?l«äsi 

as ^bles I thm^ V.   7?« filter fall«^ «^ ^seri^i as te^re, 

«^raie, l^i ^ -^^ gl^^.   A ««til sl«*8 «^ trUi«s ^rlly 

fro« itemai sir«8g«a in iM eold twt is not ©onsiäer«« s-erioae.   A 

!1^ mter f«Uu«i ^p^t«i8 a dlfflcultjf v^ish is b«»Uf noUcaAto 

wftäsr earful ^nffiimUo«, bat is not feRSä-all^ aotiesafels to a« 

vzsUim imm^r-   A ^ieme foll«^ is elsarly noti^able *M mm 

b« «IMW for reaction «i Speet^l^, out «ale« it vsro to beccast wen 

«svero, voald not ^g^. ^-^e perforaance.   A aovere faUufe is one 

which covers at least 10 percent of the cell area.   Tte ä^arHation 

tetvean soderate aaä severe da»a^ is to a certain extent subjective. 

For the above test series no failures vere encountered for any co»- 

binatlons in eifner the hot or vom» tests.   Betveen half and all of the 

filters bonded with resins e, f, gl i and J failed in husidity for all 

v,Te8.   As expected, coating type 2 failed in hualdlty in varyins d««««» 

for the resainlng four s-esins b, c, d and h.   Spectrolab resin tjnpe 3^5 

in cozbination with coating types I, 3 and »i appears sost suitable. 

For this resin, aside froa a saall filter crack for coating type 3, only 

one coderate failure vas encountered for filter type U.   Sanples using 

resin types b, c and h vere characterized by a scattering of moderate 

and light failures and filter cracking.   By slightly codified cospound- 

ing, Bore careful handling or for socewhat less severe envlronBentol 

tests, these three resins cay meet the requirements for this application, 

and they will therefore be examined In further detail as time permits. 

When used with the proper resins, coating types 1, 3 and 1« are all 

found to meet the general environmental requirements for this application. 

The numbers of test samples (20 each) were insufficient for fully 

establishing environmental capabilities, and it Is suggested that further 

testing be made In connection with specific vehicle programs. 

Mr. Marshal Pearlman has been investigating additional resins and 

has prepared a further group which may be included in these tests if 

time permits. 
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TASK f?®SS:   AJapmila« of Miftitov Casfciatg» ta gglay teile. 

F&rtleulftä-ly for Ms8*sr lUwdnaJMLon levels, ifce ide^ solar eell 

jsaiSj^ has a is-aa^Ssele« wla^ov exieaäi^ rausWy fro« .&5 to l.O*« »*, 

refleetins the regS^ns b&lev and above (to atom ? w) thla baai, afiä 

providing hiil« abs®rt*a«5e in the regie« feeyonä li or 5 !»• 

Seves-al dlffemnt eoatiag teeSmiq^s eouli eoaeelvafely he wseä to 

thieve the hasi? «iftdov «leleetivity.   These «igh^ iaeMe eertfila «effli- 

eoaduetins filffls, s^eij as aetallic sub-osldes, e.g. stanao-JS oxide, etc., 

doped with apprepriaie isjmrUies to Indue« ^--allle fefleetio« 

properties in the asar infro-fed, vhile preserviag hi^» tä-aasiadssioa 

properties in the visible.   By ««biftiog sueh a filss vith a short 

vavelength Badtiloyer rofleeior aad a long wavelength absorbing arediwa, 

the desired properties oould be achieved.   However, theoretical 

considerations lead to the conclusion that to achieve sufficiently high 

reflectance in the near infra-red, the absorption loss in the visible 

vould exceed 10 percent.   BxperUsentolly this conclusion has been borne 

out in prosMias aioed at providing visible-transaitting infra-red 

reflectors and electrically conducting files.   Moreover the transition 

fron transaission to reflection for such coatings is rather gradual, 

whereas sharp Jecarkation between the regions is laportant. 

The cost direct solution to the problem would be through use of a 

nmltllayer interference filter.    However, to be effective, such a filter 

must reflect the region frons just beyond 1 to at least 2 H.   By noraal 

interference methods, a constructive interference band formed of 

alternating layers all having optical thicknesses nt would produce a 

primary reflection band at a wavelength of 1» nt.   Additional reflec- 

tance bands would be formed at wavelengths of V3 nt' V5 «t, etc. 

Actually, because of dispersion these additional bands are peaked at 

somewhat longer wavelengths.   Thus, with a quarter wave reflection band 

at 1.5 H, there would be a three-quarter wave band at .5 ^, an 

intolerable situation. 

On the other hand, the width of the reflection band is proportional 

to its peak wavelength and inversely proportional to its order.   Thus 

the three-quarter wave band has approximately l/9 the bandwidth of the 
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quarter vave Imflä.   F&r a conventional »ulUlayer Intorferenee filter 

ecwfosed of alternating dleleetrle layers« the tandvldth äepende upon 
tJ» Inäex ratio of tl» tvo naterlalo.   Suitable mterlals with vlelble 
•-rftswpajvney are Halted to eueh hlgli Index naterlata as sine eulflde, 
eerlim dioxide and tltanlua dioxide, etc.    (with Indexes of the order of 
2.3 to 2.6 in the visible and 2.2 to 2.'"5 1« the near infra-red), and 
to such low index naterials as cryolite, ehlollte and nagneslun fluoride 

(with indexes ranging frea approximately 1.3 to I.Ä«).   There are, of 
course, nuaerous interned late naterials »rt»lch any ale© be given 
consideration for such special properties as long vavelength e&lsslvity. 

Ulth such naterials as tbo»nentioned above, a rough rule of thuoto 
is titat the first order reflection band covers the band fron roughly 
82 percent to 122 percent of the center wavelength. Thus, a reflect ion 

band at 1.^ n would have a bandwidth of 600 u, extending approxlaately 
fro« 1.23 to 1.83.   11» three-quarter wave peak would fall at about 
5<«0 m (shifted fron bOO an due to dispersion) and would have a band- 
width of approxlaately 6> an.     Shortening the coating so that the cut-off 
falls at approxlaately 1.05 n, the 50 percent band liait would fnU at 
about I.5611 and the three-quarter wave band would cover between '•20 and 

U80 KW.   This In effect has been done for the Flsh-Schuraan cell 
coating, type 3119. It should be pointed out, however, that such 
coatings generally have excessive transaisslon losses in the actinic 
region and the reflection bandwidth, which is only about 500 m in the 
near infra-red, is insufficient for cell coating.   Exaaples of such 

coatings are shown in Figures 25 and 33* 
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Ifefaisini Use süfflwmity of this t««k, it wa* lniwainfnly deeläed 

m adapt aa lantaual filter ©snflgwratlon ^ildi 8«e been e3«pl®r©ä at 

Sp&stralal).   fhla coating differs frsa the ©anveatleaal refleetlo« 

stasis.   A smsple of SM@!S a refleatleo filter is etewa la Figure 3%. 

■ate that tifere is m ge«@nslary three-qmrter vave refleeUe« baad as 

1« iJ® eoaveatioaal interfereaee filter.   Adaptation of this filter to 

the salar eeU applleatien reqjudrea the follmräng tasfcs: 

First, the spectral duunetoristles neadod to be ssclifled by 

additien of a eonveatlejol shert vave band filter to fons a band 

«^vering Use rasige frero 1.05 to 1.6 I». 
S^e®ad, this filier is known lo be aoamAttb unstable (partieularly 

under proloaged exposure to elevated lea^eratures) and henee tte 

naterial strueture seist be seodified lo Improve stability. 
^jird, it is desirable to introduce into the filter materials which 

have high ejslssivlty in the region beyond h «ierons.   Such absori)ing 

ssaterlals would sake possible direct deposition. 

The last two probleoa reduce to a naterial survey.   To laprove 

stability, suitable interlayer filas which will reduce diffusion and 

checslcal reaction are desired.   To inprove infra-red enissivlty, these 

protective filais should have high infra-red absorbance.   The infra-red 

properties of a nusber of eateriais am therefore being investigated. 

These include the rare earth oxides, oxyfluorides and fluorides which 

have good theraodynaaic stability and which should control diffusion. 

The intensediate infra-red properties are being studied.   A literature 

search failed to locate any pertinent data beyond 2 n, although son» 

information has been published by Hass, et al, for the shorter wave- 

length regions.   Some of this data is presented in Figure 35 which 

shows the refractive indexes of oxides and fluorides of lanthanum, 

praseodymium and neodymlum. 
As an alternative, silicon monoxide or silicon dioxide could be 

used, but there is still some concern about their stability in the high 

radiation and ultraviolet fields of near Earth space. 

This portion of the program has been delayed considerably by 
problems associated with the move to our new laboratory.   Unfortunately 

this move is some ninety days behind schedule.   Equipment which was 

ordered for carrying out the special evaporation experiments is now 
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reaäy for installation and will be econäinat©^ vith the eoe^letion of 

that portion of our new laboratory during the next few weeks. 

Unfortumtely ti»ese delay», ^sleh mm beyond our control, have 

seriously Isgjeded ps'ogress in this phase of Ute prograa. 

Attests to evaporate the above listed rare earth materials in our 

present evaporation plants proved unsueeessful.   AU fllÄS were soft 

and opaleseent.   It was therefore decided to postpone any «ajor eaphasis 

on this task until suitable equlpoent beeas© available. 

Realising, of course, the physical llaitations, several saaples of 

the early Spectrolab window coating have nevertheless been produced. 

Cseblning this coating with a short wavelength reflector, the resultant 

transsission curve is shown in Figure 3*>.   Mote that this characteristic 

closely epproxisateB the desired window properties as expressed in the 

original goal of the prograa as indicated in Figures 11 and 12.   These 
coatings will be repeated on thin slips for application to cells and sooe 

tesperature equillbriua studies will then be perfomed. 

In the taeantla» It Is hoped that additional process on the material 

study will be effected so that satisfactory physical characteristics 

can also be achieved. 
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Section § 
COJJCUiSIOJtS 
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The progr» has been dlvWed Into three Mparate twHs.   The flrct 

t«* inclttdee a theoretical evaluation of the therml &*m fro« wlar 
cell coating.   Several different fUter and array confißiirationn have 

b*m exasinsd anä tt» results are presented.   In this report, a 
specific army was chosen vhich is described in Section 3, Task One. 
For this particular eodel array in an Earth orbit, a gain of as euch as 
UO percent in cell efficiency can be expected, and for a Venus orbit, 
«a increase by a factor of aore than 2.   For other array configurations 
(for exaaple, a   non-oriented systea) the ©tins «ill be even greater, and 
for concentrator systeas the coatings are of even sore significance. 

In Ttok Two state-of-the-art coatings are evaluated.   For general 

pm-pose applications, the only approved costings appear to be 
Spectrolab's type A and B/2 and the Optical Coating Laboratories' type 
207 SCC.   All three coatings yield approxlnately equivalent efficiency 

gains and are found to be environsentally stable when used with a 
llaitcd group of resins.   The resins so far found to be pronising 
include Spectrolab's types E-60, IM)1, and E-65 and Purane's type 15 B. 

The evaporation program has been delayed significantly by eauipaent 

and facility problems associated with our move to new quarters.   Some 

limited evaporations have been completed and a sample having 
approximately the desired spectral properties has been prepared.   The 

sample transmission characteristics are shown in Figure 36. 

Efforts will continue, particularly on the Third Task and to a 

certain extent on the Second Task of the program. 
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IWiiMN FOR T£t W8 IffiHVAL 

Hie pre&snt mm i® mr mv lafe®ral©ry nni mmaiwy wrlval of 

consldertbly expa«a©ä ftt«ilttSög stotld psswit a« iw^reoeed efforl aaä 

produetivity d«rlns Ö» «"* F®H©a.   TJi® toy 10 U^s mst&ss of 11J4» 

ps-ogncs lies in tte «awrlal atudy for as»tlälff«stoa fUm for the 

Spectfolf^b vln4ov e5>atS«s. 

During the nest perloti ea^jaeiis vlll be u3iift©J to vork on 

prepos-ation of issproved wifidov ftlas.   In pariieular, the efforts vUl 

be eoneentroted on tli© aajove-s^ntioj^el «ateriaie eludy nd on an 
experisental detei-aination of equllibriua teaperatures of eoafe«d cell«, 

partlculai'ly vlth the expertoental vlndow coatings preparsd to date and 

those vhieh will be prepas-ed during the mxt fev meks. 

As soon as saterials Saving suitable optical properties are 

developed, they will be Introduced into the coatings In an attespt to 

ioprove the near Infra-red ealttance.   Efforts «HI continue with the 

present tsaterial coesplex to study the effects of üspurities and oethods 

of filn prepwation on coating stability. 

Discussions vlth Dr. Hass have indicated that their results for 

rare Earth salts were obtained by very fast evapos-ations from enclosed 

boats.   Our atteopts to evaporate frota filaaentary heated crucibles 

were found unsatisfactory and hence the enclosed boat method will be 

tried in the new evaporators.   Secondly, heavy out-gassing of the 

materials prevented maintenance of a suitable vacuum for preparation of 

physically suitable films. 

A small amount of effort will be required for the state-of-the-art 

coating evaluation task, particularly to complete the ultraviolet and 

beta irradiation experiments.   In addition, a survey series of suitable 

resins has been completed by Mr. Marshal Pearlman. These new resins 

are presently being prepared and will be evaluated as time permits. 
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Session 7 

WSmSl&Cmi OF KSY F2SS0BTL 

SSta wsrk doseriteä in VRis i-^yovt has been aM «ill be perrörasd 

fey aaä «aäer tävö guli&r.sö of ^e foUowias Sjeetralaäj p«rao«val: 

Xr. .Hann is ft «f«*»»1« of th« üoivoralty of California a« I«» Anseloo 

with ejoenoive graduaw wrk in nuclear and Batheeatical i^yöica. Ho 

has ccaplewsd the acadealc ötudico and oral exaalnations for the 

PH.D. degree and is a aesber of Pi Mu ^>ailon and Phi Beta Kappa 

honorary cocieties.  He io active in various profesaional societies, 

including the Optical Society of Aaerica, the Aisericaa Rocket Society, 

the Spectroscopy Society, the Ässerican Cheaical Society, the Coblen* 

Society, and the Society of Motion Picture and Television Engineers. 

Mr. Mann, for five years President and Director of Engineering of 

Spectrolob, has contributed significantly to advances in radioaetry, 

vacuua physics, tUn-flla optics , and advanced nethods of mathematical 

analysis. He has patented tvo inventions, and five more patents are 

pending. Fonaeriy Mr. Mann wa* a project supervisor at the Technicolor 

Corporation, where he directed research in the fields of radiation 

dnsage, optical physics, radiooetric instrumentation, and digital ana 

analog computer programming. 

Author of many ccientilic papers, Mr. Mann's publications during this 

past year include "Spectrally Selective Optical Coatings for Solar 

Cells", "Design Considerations for Solar Simulation", "Solar Panel 

Design Considerations", and "Narrow Band Filters for Emission 

Spectroscopy", presented at the Power Sources Conference, the American 

Bocket Society Space Power Systems Conference, and the Pittsburgh 

Conference on Analytical Chemistry. 
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Dr. Beii sraduaftod with flröt ela^s fe>ft8rs fim ü» Rnysi OoUo* 

Sie is a ^^er of t^ :^it«te of i^*>, Britloh Iflstit«^ of fedto 

B^gmoen« BritiÄ Instate of Qoclaoaic fitgSiMors« and ü« Aseriesa 

Ffaysieol Socloty.     His asployaBat ofl»rt«iea iÄ.al^ee pos^toas ^h 

ehe teitlah Sel«coaainlc«io«8 fesea^. Es£sbii*to&»*, ^ H&vill«aä 

Fkopellor Cewaay, TfeeLnier/svai«, «•stwx OosjowAloa, ftüwratl 

9raD8l0tor PWdttCt«, ar^ öröer RyteauUca (Slr««or of Besesrch). 

D;-. Bell is r.ffiw eeiiloyed as ä Seaior Phytlcl« Cör ^»c*soUb. 

Krs. Eareea grwluaied fron ü» Ifaiverstey of Soathern Cellfönilft 

tad o'otainöi h«r KÄ at Lee A^les S-.ate CoUegB.     She has eirfrt ^ars« 

e^rsen^ in the fields cf infwwfed, uliravi&Iet, and sss* a?€C-.ro- 

scopy; havln« '^e:: engaoed aa * physicist a.-* chemical eagi««? with the 

Shell Oil Cospa-ny, as aa lostructor in physics, engineerins, asd 

aatrooo^y at Long Bfeach City Ccllcst-;   a^d is a lecturer in »etronosgr at 

^he «nlveraity of California at los Ar^:e&.   A saster's degs^e ir. 

astrophysics with a specialty in ceteoritee is pefidir.g fr<a U.C.L.A. 

Mrs. Larsen is curresiiy employed as a physicist by Spectrolah. 

Approxisately 1700 hour-s have besn cj^r^ed on this project during 

the period 25 January 19^0 through 30 «June i9&>: 

Alfred S. Mean, Senior Physicist 

Ronald Bell, Senior Physicist 

Virginia Larsen, Physicist 

technicians 

220 hours 

oo hours 

l»O0 hours 

990 hours 
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